Background {#Sec1}
==========

The World Health Organization defines *healthy ageing* as the process of developing and maintaining the functional ability that enables wellbeing in older age. In practical terms, this means creating the environment and opportunities that enable people to be and do what they value \[[@CR1]\] to increase wellbeing, participation, and recovery from illness more quickly. This involves, among other things, the option to live in the residence of choice as one ages, called *ageing in place*. Ageing in place is not only perceived as qualitatively better for older people despite illness and disability, but there is also evidence that there may be a socioeconomic benefit to postponing residency in care facilities \[[@CR2]\].

Both ideals, *healthy ageing* and *ageing in place*, have gained considerable traction in recent years in Western countries \[[@CR1], [@CR3]\], and the scientific community is engaged in investigating factors that will allow for healthy ageing. The most consistent finding in the field of physical activity research in epidemiology is that there is a decline in physical activity with age \[[@CR4], [@CR5]\]. Attempting to counteract this trend, both ideals, *healthy ageing* and *ageing in place*, involve strategies for increasing physical activity when implemented \[[@CR1], [@CR6]\]. Some strategies for increasing physical activity have been shown to have stronger effects than others; motivational factors, including social support, environmental factors, and experiencing enjoyment from being physically active, are identified as being effective \[[@CR7]\].

Physical activity is associated with many health-related outcomes. For older adults, physical activity has been found to be related to cognitive performance \[[@CR8]\], frailty \[[@CR9]\], weight control, and diabetes \[[@CR10], [@CR11]\]. Additionally, physical inactivity among older adults to be associated with a higher risk for cardiovascular disease (CVD) mortality and cancer mortality \[[@CR12]\]. Moreover, leisure time physical activity was shown to be inversely associated with all-cause mortality internationally \[[@CR13], [@CR14]\] and nationally for ageing adults in a study conducted in Finnmark, Norway \[[@CR15]\]. There is also an association between physical activity and mental health among older adults \[[@CR16]\]. Despite these beneficial effects, older people tend to be sedentary \[[@CR17]\].

The recommendation is for older adults to perform at least 150 min of moderate intensity aerobic physical activity throughout the week \[[@CR18]\]. Globally, the majority of older adults fail to meet this recommendation \[[@CR5], [@CR19]\]. This is also true for older adults locally in Norway \[[@CR20], [@CR21]\]. Women tend to be less physically active than men, especially with regard to leisure-time physical activity \[[@CR5]\]. There has been little change in this tendency over the years \[[@CR22]\]. There are, however, variations in trends between regions, income groups, and countries \[[@CR22]\].

Self-reported health is a general assessment of one's own health that is strongly associated with a broad range of objective health outcomes, including subclinical and clinical disease \[[@CR23]\], health service use \[[@CR24]\], and mortality \[[@CR24]--[@CR27]\]. Like physical activity, self-reported health also declines with ageing \[[@CR24]\]. Previous studies have found a strong association between physical activity and self-reported health \[[@CR20], [@CR28], [@CR29]\]. Nevertheless, there is little investigation regarding the longitudinal relationship between self-reported health and physical activity in older people \[[@CR30]\].

As physical activity seems to benefit a broad range of health factors \[[@CR31]\] and has a dose-response relationship with mortality \[[@CR14]\], it is important to investigate different intensity levels and their potential health benefits among older adults. Previous studies on this have been limited by cross-sectional designs \[[@CR32]--[@CR34]\], the inclusion of only older adults \[[@CR35]\], the inclusion of only one sex \[[@CR36], [@CR37]\], short follow-up periods \[[@CR33]\] or small samples \[[@CR34], [@CR38]\]. Knowledge about the long-term effects of physical activity is therefore limited.

The design of and comprehensive data collection in the Tromsø Study (TS) makes it possible to examine the relationship between physical activity and self-reported health throughout life. The TS includes data on the impact of a broad range of other health-related factors, such as comorbidities, mental health symptoms and CVD risk factors, in a large general population sample of both sexes with a broad age range and up to 14 years of follow-up. The objective of this study is to examine how levels of leisure time physical activity are associated with self-reported health trajectories throughout the lifespan via a random coefficient model analysis using repeated measurements at the individual level and to study the effects of self-reported health and physical activity on mortality via a survival analysis.

Methods {#Sec2}
=======

The Tromsø Study (TS) was initiated in 1974 in an attempt to help combat the high mortality due to CVD in Norway. The TS is an ongoing population-based cohort study conducted in Tromsø,the largest city in Northern Norway. Tromsø is situated ∼400 km north of the Arctic Circle and has approximately 67,000 inhabitants. Norway is a high-income country with a high level of education. At baseline in 1994, 64.4% of the subjects had more than 10 years of education (29.8% of them had a college degree). In 2007, this had increased to 70.5%, with 37.4% of the subjects possessing a college degree.

The TS is the most extensive population-based study in Norway. The study consists of seven repeated health surveys, Tromsø 1 (1974), Tromsø 2 (1979--80), Tromsø 3 (1986--87), Tromsø 4 (1994--95), Tromsø 5 (2001), Tromsø 6 (2007--08) and Tromsø 7 (2015--16), which include entire birth cohorts and random population samples (response rates 65--79%) \[[@CR39]\].

The original intention of the TS was to investigate the cause of the high mortality rates due to CVD and to develop methods to prevent infarction and stroke. The study has since been expanded to examine a wide range of diseases as well as lifestyle aspects, medication use, sleeping patterns, mental health issues, socioeconomic status and health care utilisation.

Design {#Sec3}
------

This current study comprises repeated measurements using comprehensive questionnaires, biological samples and clinical examinations. The six surveys of the TS had the same general design. A questionnaire was enclosed in the invitation to all surveys, including questions about a wide range of diseases and symptoms, lifestyle aspects, use of medication, socio-economic status, and use of health-care services. Blood samples and measurements of blood pressure, height, and weight were collected during the physical examination. All participants are being followed up with regard to mortality and disease incidence \[[@CR39]\]. Tromsø 4 is the largest survey to date and includes all age groups (range 25--97 years); thus, Tromsø 4 was chosen as the baseline for our study.

Longitudinal studies are used to investigate age-related developmental changes. The survival analysis utilized a single cohort design. The individuals were grouped according to physical activity level at the study's baseline and followed over time. An accelerated longitudinal design includes multiple single cohorts, each starting at a different age. The principal benfit of an accelerated longitudinal design is its capacity to stretch the age range of interest over a shorter period than would be possible with a single-cohort longitudinal design \[[@CR40]\]. This study utilised a mixed effect model to describe self-reported health across ages, with random effects for individual and time \[[@CR41]\]. Participants aged 25--87 years who had at least two measurements each were included.

The continuous overlap of individual trajectories allowed us to stretch the age range of interest based on an average follow-up time of 14 years. A disadvantage was missing data, which can be a problem when there is an age cohort effect \[[@CR40]\]. Consequently, this study used inverse probability weighting (IPW), a common method for correcting such bias \[[@CR42]\].

The cohort was observed for up to 21.3 person years, and the average follow-up time was 18.8 years. During this period, 5508 subjects died, giving an overall incidence rate of .018 deaths per person year. The Norwegian mortality incidence rate improved from 0.011 for men and 0.0093 for women in 1985 to 0.0078 for men and 0.0084 for women in 2015 \[[@CR43]\]. In Western Europe, the mortality incidence rate has increased from 0.010 to 0.0096 in the same period. The study population has, therefore, a higher mortality rate than the national average, but the rate has improved over the observation period more quickly, mainly due to improvements in cardiovascular risk factors \[[@CR44]\]. The three major causes of death in Norway were CVD (245 per 100,000 people), neoplasms (221 per 100,000 people) and neurological disorders (101 per 100,000 people). The major risk factors are behavioural (i.e., dietary, tobacco and low physical activity) and metabolic (i.e., high blood pressure, cholesterol and high BMI). The proportion of inactive subjects increases with increasing age, especially among females \[[@CR21]\], and the supplementary material (Additional Files [1](#MOESM1){ref-type="media"} and [2](#MOESM2){ref-type="media"}) shows the physical activity levels for females and males according to age at baseline. The proportion of inactive females was 57.6% (all ages) versus 49.7% of men at baseline. During the follow-up period, a lower proportion of inactive subjects were registered, especially among women. In 2007, 20.3% of the females were inactive, compared with 19.7% of the men.

Sample {#Sec4}
------

A total of 25,251 women and men participated in Tromsø 4 \[[@CR33]\]. For the survival analysis, the study followed the participants from study entry in 1994 to the day of death or the end of follow-up on December 31, 2015, whichever came first. Subjects who had missing values for physical activity (*n* = 183), self-reported health (*n* = 40), or CVD risk factors (*n* = 197) were excluded. In total, there were 24,831 participants (52% women) aged 25--97 years in the baseline analysis. Subjects who participated again in Tromsø 5 (*n* = 6093) and Tromsø 6 (*n* = 10,534) had their self-reported health and risk factor values updated at the time of examination. Figure [1](#Fig1){ref-type="fig"} shows the flow chart of the study sample. Fig. 1Flow chart of the study sample

For the random coefficient analysis, the participants were followed from the day of study entry in 1994 to the day of study exit in 2007--8. Random coefficient analysis requires two or more measurement points. In total, 25,251 women and men from the 1994 cohort who participated in the Tromsø 4 survey were included, and participants with missing data on self-reported health, physical activity, mental health or CVD risk factors were excluded. Thus, the analysis included 9855 participants (52% women) aged 25--80 years at the first examination. Of these individuals, 5475 (56%) were re-examined in Tromsø 5, and 8237 (84%) were re-examined in Tromsø 6. Figure [2](#Fig2){ref-type="fig"} shows the inclusion for the random coefficient analysis. Fig. 2Flow chart of inclusion in the random coefficient analysis

Variables {#Sec5}
---------

The outcomes of interest were self-reported health and all-cause mortality. Self-reported health was based on the question "What is your current state of health?", and the response options were "Poor", "Not so good", "Good", and "Very good". The time and cause of death were retrieved from the Norwegian National Causes of Death Registry. Norway has a personal identification system that permits exact matching of population register data, and the degree of coverage in the registry is nearly complete \[[@CR45]\].

Leisure time physical activity levels and age were the independent variables of interest, and the other variables were treated as confounders. Physical activity was defined in Tromsø 4 and 5 by two questionnaire items that asked about weekly average hours and level of physical activity: a) Hard physical activity was defined as an activity level that involved sweating/loss of breath. No activity was categorized as "sedentary", less than 1 h of activity was scored as "some high-intensity activity", 1--2 h was considered "moderate high-intensity activity" and 3 or more hours was considered "vigorous high-intensity activity". b) Light physical activity was self-reported activity that did not involve sweating/loss of breath and was categorized as follows: none, less than 1 h, 1--2 h or 3 or more hours. The results were based on responses to questions that the participant answered regarding the weekly average of each physical activity level over the past year. In Tromsø 6, the validated Saltin and Grimby scale \[[@CR46]\] was used: "Exercise and physical exertion in leisure time": "Reading, watching TV or other sedentary activity" (sedentary); "Walking, cycling or other forms of exercise at least 4 hours per week" (low); "Participation in recreational sports, heavy gardening, etc. at least 4 hours a week" (moderate); and "Participation in hard training or sports competitions regularly several times a week" (vigorous).

Comorbid diseases were self-reported specific medical conditions. The severity of a disease affects the level of self-reported health. Therefore, this study utilised the previously developed Health Impact Index (HII) \[[@CR47]\] to measure comorbid conditions. The HII classifies individuals with comorbid diseases according to the impact that each condition has on self-reported health by assigning a weight to each condition. The HII score is equal to the subject's total score for all conditions; thus, the HII considers joint effects and the severity of comorbid conditions. Mental health symptom scores were based on two validated self-reported instruments: the CONOR Mental Health Index (CONOR-MHI), which was used in Tromsø 4, and the Hopkins Symptoms Checklist 10 (HSCL-10), which was used in Tromsø 5 and Tromsø 6. These two instruments have previously shown good correlations (r = .9) in a validation study \[[@CR40]\], and the variables were standardized for better longitudinal comparison in the regression model.

Education level and daily smoking were collected via questionnaires. Specially trained personnel collected measurements of body weight and height, blood pressure, resting heart rate, and non-fasting blood samples using standard methods. We calculated body mass index (BMI) as the weight in kilograms divided by the square of the height in metres and was grouped according to the World Health Organization (WHO) (2018) BMI classification for underweight, normal, overweight and obese (\< 18.5 kg/m^2^, 18.5--24.9 kg/m^2^, 25--29.9 kg/m^2^ and ≥ 30 kg/m^2^, respectively). Blood samples were analysed for total cholesterol using standard methods at the Department of Laboratory Medicine at the University Hospital of North Norway.

Statistical analysis {#Sec6}
--------------------

Figure [3](#Fig3){ref-type="fig"} shows the conceptual model and how it translates into a statistical model. Table [1](#Tab1){ref-type="table"} describes sample characterisation versus period, including the common Pearson's chi-squared test for the categorical variables and one-way ANOVA for the continuous variables. Table [2](#Tab2){ref-type="table"} compares self-reported health by age versus physical activity level. The analytical goal was to describe covariation among age, physical activity and self-reported health. Because self-reported health is a categorical variable with ordered categories, a random coefficient proportional odds model was used to assess how self-reported health changed over time \[[@CR41]\]. The units used for a longitudinal context with repeated measurements are occasions (j), and the clusters are subjects (i). Time is represented as cohort~i,~ age~ij~, and period. Cohort~i~ is the birth year. Age~ij~ is the age on the date of the survey for each subject. Period~i~ is the participation year. We describe time by the equation age~ij~ = period~i~ - cohort~j~. One time variable was thus collinear with the two others and would be left out of the model; therefore, we could consider a model that included the two time scales (age~ij~ and period~i~) as covariates as well as PA, sex, physical examination measurements (BMI, systolic blood pressure, resting heart rate and total cholesterol), pathology (comorbidity and mental health symptoms), education and smoking. The interaction between physical activity and age was also modelled. Fig. 3Directed acyclic graph showing the conceptual model and its translation into a statistical modelTable 1Sample characteristics over three surveys with age and gender adjusted mean with 95% confidence intervals. The Tromsø Study 1994--2008Tromsø4 1994--1995Tromsø5 2001--2002Tromsø6 2007--2008*P*-valueFreq.PercentAdjusted rate95% CIFreq.PercentAdjusted rate95% CIFreq.PercentAdjusted rate95% CI**Self-reported health***Poor5980.0240.0290.0260.0311200.0200.0140.0100.0185400.0510.0440.0400.048\< 0.001Not so good68940.2780.3180.3120.32419820.3250.2690.2520.28729890.2840.2490.2400.259Good13,7500.5540.5330.5270.54033460.5490.5250.5040.54754430.5170.4950.4840.506Very good35890.1450.1200.1160.1246450.1060.1100.0940.12615620.1480.1510.1430.160***Light physical activity***None30180.1230.1330.1290.1384640.0810.0580.0520.065500.0120.0090.0060.012\< 0.001\< 1 h/week38230.1540.1480.1440.1536720.1170.1260.1090.14312600.2920.3220.3020.3421-2 h/week83650.3370.3270.3210.33319440.3340.3020.2830.3229980.2330.2190.2000.237≥ 3 h/week95430.3850.3910.3850.39827450.4680.4360.4150.45819510.4620.3720.3560.389***Hard physical activity***Sedentary12,4590.5020.5490.5430.55522570.3700.2990.2810.31721290.2020.1930.1840.202\< 0,001Some high intensity49870.2010.1830.1780.18816740.2750.2770.2560.29863400.6020.5400.5290.551Moderate high intensity48850.1970.1770.1730.18214880.2440.2460.2250.26718930.1800.1850.1760.194Vigorous high intensity25000.1010.0910.0870.0946740.1110.0960.0840.1081720.0160.0210.0170.025***Smoking***Daily smokers90190.3630.3570.3510.36317140.2740.2860.2640.30920760.1900.1540.1450.163\< 0.001CountMeanAdjusted rate95% CICountMeanAdjusted rate95% CICountMeanAdjusted rate95% CIP-value*Comorbidity*24,8310.9501.1151.0911.13870041.4371.1921.1381.24694881.4011.2831.2471.319\< 0.001*BMI*24,83125.22725.43425.38225.485700426.66626.35426.19826.510948826.92926.71626.61726.816\< 0.001*RHR*24,83172.46772.72372.55672.890700470.08570.05569.51270.597948864.95764.76064.52364.996\< 0.001*SBP*24,831135.144138.255137.998138.5117004137.007133.643132.957134.3299488135.451132.603132.219132.987\< 0.001*Total cholesterol*24,8316.0886.2676.2516.28370046.0996.0325.9936.07194885.6125.5055.4825.528\< 0.001SRH* self-reported health, *PA* physical activity, *BMI* body mass index, *RHR* resting heart rate, *SBP* systolic blood pressure, *CI* 95% confidence intervals, *Adj.rate* age and gender standarized rates*P*-value is based on chi square. SRH: Pearson chi2(6) = 324.5484, p \< 0.001; Hard physical activity: Pearson chi2(6) = 6.3e+ 03, p \< 0.001; Light physical activity Pearson chi2(6) = 1.2e+ 03, p \< 0.001; Daily smokers Pearson chi2(2) = 981.7926, *p* \< 0.001. *P*-value for the continuous variables are based upon ANOVA grouped on survey time: Comorbidity: F(2) = 385.46, *p* \< 0.001; BMI: F (2) = 699.31, *p* \< 0.001; RHR: F (2) = 1481.70, *p* \< 0.001; SBP: F (2) = 26.44, *p* \< 0.001; Tot.cholesterol F (2) = 612.58, *p* \< 0.001Table 2Self-reported health levels by 10-year age groups and various measures of physical activity levels over three surveys. The Tromsø Study 1994--2008Hard physical activitySedentarySome high intensityModerate high intensityVigorous high intensityAge groupnSRHnSRHnSRH*n*SRH*Np*-valueTromsø 425--2973479.6%61587.1%67792.5%44492.3%2470\< 0.00130--39205279.5%152684.2%154688.6%71289.9%583640--49294169.0%151378.8%146283.7%68985.2%660550--59243354.6%81769.6%73775.5%39074.9%437760--69214443.3%37360.3%34564.2%19262.5%305470--79173338.5%14559.3%14060.0%9365.6%2111≥8055932.9%2757.7%1428.6%3100.0%603Tromsø 530--3911281.1%17686.9%16188.2%8286.6%531\< 0.00140--4930573.3%38182.1%38185.5%17985.4%124650--5931751.8%27567.5%21468.7%9373.9%89960--6973752.4%57966.1%48767.4%21977.4%202270--7976442.5%27657.2%24965.4%10660.2%1395≥8010940.6%3351.6%2254.5%1166.7%175Tromsø 630--399062.2%21675.5%11391.2%24100.0%443\< 0.00140--4954058.1%141476.1%62987.5%7997.5%266250--5945453.6%147069.2%37281.6%3393.9%232960--6967849.8%239262.5%62979.6%3591.4%373470--7935436.0%92057.5%19473.4%4100.0%1472≥8015930.3%20451.7%3450.0%0397Light physical activityNone\< 1 h/week1-2 h/week≥3 h/weekAge groupnSRHnSRHnSRHnSRHN*p*-valueTromsø 425--2921879.6%37182.5%82686.7%105791.0%2472\< 0.00130--3949279.7%94682.0%208684.2%230686.4%583040--4964669.8%119572.9%248876.3%228479.3%661350--5955150.4%65659.2%152063.7%167066.9%439760--6943932.6%34841.1%92049.6%138255.6%308970--7950123.4%27226.6%52044.4%84258.0%2135≥8024221.9%9135.2%12336.6%14951.4%605Tromsø 530--392286.4%6083.1%17287.2%28286.9%536\< 0.00140--495373.6%17977.0%46179.9%57382.2%126650--596359.0%11949.6%36862.2%46467.2%101460--6917539.4%25053.7%79258.0%122865.8%244570--7922833.5%19936.3%52651.1%72059.1%1673≥804527.9%3122.6%5851.8%7463.4%208Tromsø 630--3905154.9%2568.0%2759.3%103\< 0.00140--49742.9%31260.6%19168.1%29571.5%80550--59742.9%30453.2%22468.5%38062.0%91560--692369.6%49052.9%41758.7%86458.5%179470--791526.7%19147.1%20551.5%49956.6%910≥80616.7%4434.1%4935.4%13356.8%232Note: SRH is dicotomised between poor/not so good versus good/very good. Percent in the table displays those who are at good or very good Health. A chi-square test indicates that there was a significant difference in the different SRH levels and exercise level in all surveysTromsø 4 hard PA: LR chi2(9) = 3503.33Tromsø 5 hard PA: LR chi2(8) = 582.58Tromsø 6 hard PA: LR chi2(8) = 856.39Tromsø 4 light physical activity: LR chi2(9) = 3261.85Tromsø 4 light physical activity: LR chi2(8) = 593.20Tromsø 4 light physical activity: LR chi2(8) = 77.69

The TS has had high overall response rates. However, only subjects who had participated in a minimum of two surveys were included in the analyses of the current study, which introduced the risk of selection bias. Loss to follow-up always causes a loss of information that cannot be recovered. The concern is that loss to follow-up can be due to known or underlying conditions (e.g., there was an observed decline because some participants were ill at baseline and thus had low physical activity levels). The most straightforward approach to dealing with missing data is to restrict the analysis to complete cases (CCs), i.e., individuals with no missing values. A total of 12,241 of the 28,409 subjects were used in the analysis, which could induce bias. The use of the IPW method did not significantly change the model \[[@CR42]\]. No variables of interest became significant that were non-significant in the CC model, or vice versa. Hence, the IPW model based on the probability of follow-up did not change the main findings but, as expected, reinforced the observed decline. The population average is therefore most likely slightly lower than that of the CC model. Therefore, the IPW model is the main model reported in this study.

Furthermore, Cox proportional hazard regression models were used to estimate hazard ratios (HRs) for all-cause mortality related to physical activity and self-reported health using baseline values for age and sex in addition to comorbidities, mental health symptoms and CVD risk factors as time-dependent covariates updated in Tromsø 5 and Tromsø 6. The time at risk was person-time, measured in days from the first participation date. The proportional hazard assumption was verified for physical activity by visual inspection of log-log survival curves and by tests of Schoenfeld residuals. Self-reported health was added as a time-dependent variable to include its interaction with time. Statistical analysis was performed using STATA 14 \[[@CR48]\].

Results {#Sec7}
=======

Sample characteristics {#Sec8}
----------------------

The sample included *n* = 24,831 subjects. The mean age of the participants increased between the surveys, so all estimates were standardized for age and sex. The mean age was 48.1 ± 14.8 years in Tromsø 4, 62.8 ± 11.4 years in Tromsø 5 and 61.3 ± 11.1 years in Tromsø 6. Table [1](#Tab1){ref-type="table"} shows the age- and sex-adjusted overview of the sample characteristics across the three study surveys. Seventy percent of the subjects reported good or very good health in Tromsø 4; the adjusted rate (65%) (*n* = 24,831) decreased to 63% in Tromsø 5 (*n* = 6093) and was 64% in Tromsø 6 (*n* = 10,534). Health-related behaviours changed during the same period: the number of physically active subjects increased significantly, and daily smoking nearly halved. When comparing men and women, we see that physical activities benefit all (Additional File [3](#MOESM3){ref-type="media"}). Comorbidity increased throughout the study period. The sex- and age-adjusted estimates for blood pressure and cholesterol declined, while BMI increased (Table [1](#Tab1){ref-type="table"}).

Self-reported health and physical activity according to age {#Sec9}
-----------------------------------------------------------

Table [2](#Tab2){ref-type="table"} shows the association between physical activity and self-reported health by age group (*n* = 24,831 in Tromsø 4, *n* = 6093 in Tromsø 5 and *n* = 10,534 in Tromsø 6). Both were inversely associated with age, and self-reported health was positively associated with physical activity in every age group. Subjects who reported no physical activity also reported the lowest levels of self-reported health, and the decreases with age were more substantial for this group than for subjects who reported physical activity. Compared with light physical activity, vigorous physical activity was more strongly associated with self-reported health. A chi-square test indicated that there was a significant difference in the different self-reported levels of health and exercise levels in all surveys (Table [2](#Tab2){ref-type="table"}).

Table [3](#Tab3){ref-type="table"} shows the estimates for the associations between light and vigorous physical activity and self-reported health adjusted for age, sex, comorbidity, education, smoking and CVD risk factors (*n* = 9855 at baseline). The estimates from the IPW model were weighted to account for those lost to follow-up. Self-reported hard physical activity was nearly three times (OR 2.77, 95% CI: 2.35, 3.26) more beneficial to self-reported health than no hard physical activity. Self-reported light physical activity had a 52% (OR 1.52, 95% CI 1.32, 1.76) greater positive effect on self-reported health compared to no light physical activity (Table [3](#Tab3){ref-type="table"}). Table 3Results from the random-coefficient proportional odds model with estimates for the association of subject-specific factors on Self-Reported HealthBasic modelComplete case modelIPW (missing)OR(95% CI)OR(95% CI)OR(95% CI)**Hard physical activity** Sedentary (reference)1.001.001.00 Some high intensity1.25(1.14,1.37)1.10(0.76,1.59)0.64(0.35,1.18) Moderate high intensity1.97(1.77,2.19)2.09(1.38,3.15)1.66(0.83,3.31) Vigorously high intensity2.77(2.35,3.26)8.89(4.89,16.17)9.99(3.48,28.71)**Light physical activity** None (reference)1.001.001.00  \< 1 Hour1.09(0.93,1.28)0.67(0.36,1.24)0.60(0.21,1.73) 1--2 h1.34(1.16,1.55)0.59(0.33,1.04)0.54(0.20,1.44)  \> 3 h1.52(1.32,1.76)0.47(0.26,0.83)0.39(0.14,1.04)**Interactions** hardPA\#c.age Inactive (reference)1.001.00 Some high intensity1.02(0.96,1.09)1.13(1.02,1.26) Moderate high intensity0.99(0.92,1.06)1.05(0.93,1.18) Vigorously high intensity0.79(0.71,0.89)0.79(0.65,0.95)lightPA\#c.age Inactive (reference)1.001.00  \< 1 Hour1.09(0.97,1.21)1.10(0.91,1.31) 1--2 h1.15(1.05,1.28)1.17(0.99,1.38)  \> 3 h1.23(1.11,1.35)1.28(1.08,1.51)**Time varying confounders** Body mass index   \< 18.49 kg/m20.53(0.33,0.85)0.58(0.39,0.87)0.83(0.38,1.78)  18.5--24.99 Kg/m21.001.001.00  25--29.99 kg/m20.71(0.65,0.78)0.73(0.68,0.80)0.64(0.56,0.74)   \> 30 kg/m20.40(0.36,0.46)0.44(0.39,0.49)0.32(0.26,0.39) Comorbidity (HII)0.74(0.72,0.76)0.74(0.73,0.76)0.73(0.70,0.76) Mental distress (std)0.37(0.35,0.39)0.38(0.36,0.40)0.34(0.32,0.37) Resting heart rate (std)0.86(0.83,0.90)0.87(0.84,0.91)0.81(0.76,0.87)/cut1 Systolic Blood Pressure (std)1.10(1.06,1.15)1.08(1.04,1.12)1.19(1.12,1.28)/cut2 Total cholesterol (std)1.04(1.00,1.09)1.04(1.00,1.08)1.07(1.01,1.14)/cut3 Daily smoker0.76(0.69,0.83)0.76(0.69,0.82)0.77(0.67,0.89)**Education level** Primary school (reference)1.001.001.00 tech.school, middle school, vocatitional school, or high school diploma (3--4 years)1.39(1.25,1.54)1.35(1.23,1.49)1.54(1.33,1.77) College/university2.76(2.45,3.11)2.54(2.28,2.84)4.15(3.51,4.91)/cut1: Poor−9.17-(9.53,−8.81)−9.21-(9.79,−8.64)−13.90-(14.91,−12.88)/cut2: Not so good−4.39-(4.69,−4.10)−4.76-(5.31,−4.22)−7.87-(8.82,−6.92)/cut3: Good0.48(0.21,0.75)−0.25-(0.79,0.28)−1.33-(2.25,−0.41)**Random part of the model** var. (constant)3.15(2.90,3.42)2.24(2.05,2.44)8.37(7.77,9.01)Basic:Wald chi2(19) = 3766.27, *p* \< 0.0001CC model: Wald chi2(25) = 4564.77 Prob \> = chibar2 = 0.0000IPW (Missing): Wald chi2(25) = 2331.80, p \< 0.0001*OR* odds ratio, *CI* Confidence interval, *PA* physical activity, *CVD* Cardiovascular disease, *std.* standardised

The inclusion of the interaction terms in the main model showed that the positive effect of physical activity depended on age. Figure [4](#Fig4){ref-type="fig"} presents the category probabilities according to age and physical activity levels. It is based on the main model in Table [3](#Tab3){ref-type="table"} and shows the estimated category distribution for self-reported health at a given physical activity level for the age range from 20 to 90 years. The overall interpretation is that the areas representing the most beneficial self-reported health categories (i.e. good and very good) increase with increasing physical activity levels. We see the same trend for light physical activity, but here the positive effect is most pronounced at ages above 65 years. More specifically, we see how hard physical activity affects the probability of having very good self-reported health, especially among subjects younger than 40 years; for those older than 40, light physical activity lengthened the period during which good self-reported health was likely. For example, 25-year-old subjects who reported engaging in vigorous physical activity had a 99.8% probability of good self-reported health, an effect that decreased by 24% (OR 0.76, 95% CI 0.62, 0.94) with every 10-year increase in age. At age 25, those who reported vigorous hard physical activity had a 47.2% probability of having very good self-reported health. Fig. 4Self-reported health levels according to age and activity level. The vertical axis shows the category probability, and the horizontal axis shows the age. The graph shows that vigorous physical activity affects the probability of very good self-reported health, especially at ages below 40 years (left column) and that light physical activity prolongs the period for which good self-reported health is likely (right column)

To further control for bias due to prior exposure (e.g., people who are already sick will have lower physical activity levels), IPW was used based on the propensity score for each physical activity level. IPW did not change the main results of the model, which means that no factors that were significant became non-significant or vice versa. Visual inspection of the figure also showed that IPW did not change the main relationship between the curves. The figure also shows that the difference in self-reported health at 25 years was attenuated (i.e., 99.9% of the vigorous physical activity group and 99.1% of the group with no physical activity had good self-reported health). However, the drop in self-reported health was steeper for all activity groups. Compared to the results of the CC analysis, vigorous high-intensity activity levels passed the 50% probability level approximately 6 years earlier (71.5 years), and participants who described themselves as sedentary passed the same level approximately 4 years earlier (66.5 years).

Light physical activity did not affect very good levels of self-reported health as much as hard physical activity did, but it still postponed the likelihood of not having good self-reported health by \~ 10--12 years in the fully fitted model. Subjects who reported engaging in light physical activity \> 3 h per week at baseline had an 11.3% probability of reporting very good self-reported health at age 25, which was lower than the probability for those who engaged in hard physical activity; nonetheless, they still had a 98.9% probability of good self-reported health at age 25, an effect that decreased by 23% (OR 1.23, 95% CI: 1.02, 1.49) with every 10-year increase in age.

Ageing alone was associated with a decline in self-reported health throughout life (OR 0.34, 95% CI: 0.28, 0.40). However, the model predicted that both light and hard physical activity would prolong the period during which a person was likely to report good self-reported health. Fig. [5](#Fig5){ref-type="fig"} presents the response (self-reported health, *SRH*~*ij*~) as a function of age and physical activity levels; this response is presented as category probabilities of a self-reported health score of good or very good. When we compared the probability of responding "Good" versus "Not so good" for the different physical activity levels, we observed that those who reported vigorous high intensity activity levels had only an 11.9% probability of good self-reported health at age 90, while for those who reported engaging in moderate high-intensity physical activity, the probability was 20.8%. For those engaging in light physical activity (\> 3 h), the probability of having good self-reported health at age 90 was 27.2%, which was the highest probability for that age. The 50% line indicates the cut-off level for the probability of reporting good self-reported health, i.e., light physical activity \> 3 h per week was associated with good self-reported health up to age 75 years, which was 8 years longer than among those who reported no light physical activity. Furthermore, moderate physical activity was associated with good self-reported health up to 74 years of age. It was also possible to observe how the lines crossed. Moderate high-intensity physical activity was thus most beneficial from approximately 63 years of age, while light physical activity (\> 3 h) was more beneficial starting at approximately 70 years of age according to the fully fitted model. Those who reported no light or hard physical activity had less than a 50% probability of self-reporting good health at age 65 years and older. Fig. 5Probability of being in good self-reported health according to age and activity levels in the fully fitted model. The vertical axis shows the category probability, and the horizontal axis shows the age. The model was controlled for all confounders and weighted to adjust for missing data

The effect of self-reported health and physical activity on mortality {#Sec10}
---------------------------------------------------------------------

Subjects (*n* = 24,831) who reported engaging in neither light nor hard physical activity had a 43% increased risk of all-cause death (OR 1.57, 95% CI 1.07, 2.31). Subjects who did not report vigorous physical activity could still report light physical activity levels, and vice versa. Consequently, subjects who reported no hard physical activity had a 32% increased risk of all-cause death, and subjects who reported no light physical activity had a 23% increased risk after adjustment for comorbidity, mental health symptoms, CVD risk factors, smoking and education (Table 4). Positive effects on mortality were observed for both light and hard physical activity. There was also a combined effect of light and hard physical activity (see Supplementary Table 3). When estimating the effects of different combinations of light and hard physical activity, light physical activity had a cumulative effect on both self-reported health and mortality. Light physical activity was especially effective for those who did not report any hard activity.

Discussion {#Sec11}
==========

We found that physical activity reduced overall mortality. The main finding, however, was that achieving a beneficial level of physical activity for one's age extended self-reported good health for up to 15 years. As the mean age of the population has increased, public health priorities have promoted the importance of functional ability and quality of life for postponing individuals' need for home-based care and nursing home services \[[@CR1]\]. Physical activity is generally associated with higher levels of self-reported health \[[@CR29]\]. However, the vast majority of adults do not meet the guidelines for physical activity \[[@CR19]\]. Few studies have examined how levels of leisure time physical activity in early adulthood are associated with self-reported health trajectories throughout life. One study indicated an inverse link between physical activity and self-reported health in a Spanish population and found that the strongest effect of physical activity on self-reported health occurred for people aged 50--69 years \[[@CR30]\]. Our results support these findings.

Physical activity reduced overall mortality {#Sec12}
-------------------------------------------

In the current study, we found that being physically active reduced overall mortality. Both light and hard physical activity had beneficial effects on the period during which the subjects reported good self-reported health, and this result remained after adjustment for comorbidities, mental health symptoms, CVD risk factors, smoking and education level. It is consistent with previous reports that an increase in physical activity levels minimises the burden on health and social care by enabling healthy ageing \[[@CR5]\]. Previous studies have shown that older age groups report lower physical activity levels than younger age groups and that women report lower physical activity levels than men, especially for leisure time physical activity, when measured by both subjective and objective methods \[[@CR5]\]. Our study shows that physical activity habits in early adulthood significantly predict physical activity habits in older age and that self-reported health in older age depends on physical activity habits established in early adulthood and onwards. Both light and hard physical activity had beneficial effects on survival, while being sedentary resulted in an increased risk of mortality.

Physical activity was beneficial for self-reported health trajectories {#Sec13}
----------------------------------------------------------------------

Physical activity prolonged the period of good self-reported health throughout life. Both light and hard physical activity were positively associated with self-reported health. Both self-reported health and physical activity were inversely related to age, and the main finding of this study was that achieving the appropriate level of physical activity for one's age extended the duration of good self-reported health for up to 15 years.

Vigorous high-intensity physical activity was most effective for people up to 40 years of age, but after \~ 63 years of age, a moderate high-intensity physical activity level was more beneficial for self-reported health. This positive effect on self-reported health was also improved by weekly light physical activity, such as walking and other light activities. The results of this study show that when people are in their 60s, they are likely to experience poor self-reported health if they have a low physical activity level, and this finding is probably related both to the lack of physical activity because of illness and, conversely, to illness because of a lack of physical activity.

However, the main effect was observed for hard physical activity. The effect of hard physical activity on self-reported health was more than three times as high as the effect of light activities. An interesting finding in the current study was that participants who reported a physical activity level that fell within the WHO recommendations \[[@CR31]\] experienced a period of good self-reported health that was extended by 10--20 years. According to the WHO \[[@CR31]\], the optimal amount of physical activity is approximately 30 min a day. The current study's results indicate that a daily walk lasting approximately half an hour is enough to reduce mortality but not enough to achieve improved self-reported health. The beneficial level of physical activity is age dependent and involves a combination of light and hard physical activity. The most favourable trajectory in terms of both mortality and self-reported health seems to involve a moderate physical activity level after approximately 65 years of age.

Previous reports from the TS have described gender differences in physical activity \[[@CR49]\], but we found no significant gender differences in mortality or in how physical activity affects self-reported health. This finding is in line with the study by Lera-Lopez et al. \[[@CR30]\]. Because both sexes received the same benefit from physical activity in this study, the lower physical activity and self-reported health levels of women at older ages are of concern.

Limitations and strengths {#Sec14}
-------------------------

The main strength is the longitudinal design with repeated surveys with high participation rates conducted within the same community. This allows us to demonstrate how the prevalence of physical activity affects trends in self-reported health and mortality rates, as well as to track the development of risk factors in the same individual up to three times during a period of up to 21 years. A limitation of the current analysis is the effect of possible changes in physical activity levels. The models were cross-sectional time series in which physical activity levels may change between examinations. Comorbid disease (OR 0.96, 95% CI 0.93, 0.98) and mental health symptoms (OR 0.82, 95% CI 0.80, 0.85) also decreased physical activity levels. Although the model controls for these confounders, they could also represent prior exposure (e.g., if physical activity levels were low because the participants were already ill). The most plausible explanation for this finding is that the decreased physical activity levels with age are due to an increased comorbidity burden, which accelerates the decline in self-reported health. Furthermore, there is a possibility that there is a limitation to the accuracy of the data due to self-reporting.

A significant strength of the current study is the study design, which allowed an investigation of the relationship between physical activity and self-reported health throughout the lifespan from adulthood to older age and an examination of the impact of a broad range of covariates in a large general population sample of both women and men with up to 14 years of follow-up. The empirical evidence presented concerns the design of public health-care advice promoting ageing in place, healthy ageing and physical activity. However, it is not possible to make causal conclusions based on a single study. Based on our results, we cannot conclude that starting to exercise at an older age has a beneficial effect on mortality and self-reported health, but physical activity in early life predicts physical activity in later stages of life, which is in line with previous studies \[[@CR49]\].

Conclusion {#Sec15}
==========

The main findings of this study were that both self-reported health and physical activity were inversely related to age and that achieving the appropriate level of physical activity for one's age extended the duration of good self-reported health for up to 15 years. Physical activity prolonged the period of good self-reported health in higher age in two ways: physical activity habits established in early adulthood and onwards were beneficial for self-reported health when entering advanced age. Self-reported health among older adults depended on participation in moderate intensity physical activity after approximately 65 years of age. Additionally, poor self-reported health and being sedentary were independently associated with an increased risk of mortality. The study describes how the most beneficial exercise level varies across age groups in a general population. Although physical activity benefits all, it is likely that physical activity can be particularly critical in certain life situations. The next step should be to examine how physical activity levels vary across different groups, stratified by diagnosis (e.g., diabetes, CVD, cancer), chronic conditions (e.g., pain), and socioeconomic status.
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